the I(Ma) antigenic determinant can distinguish the gastric mucins and mucosal extracts of 'nonsecretors' from those of 'secretors'. In 'secretors' with gastric carcinoma, however, precipitating I(Ma) activity is found in the majority of extracts.4 5 This is presumed to be due to incomplete biosynthesis of the ABH active oligosaccharide chains. Abnormalities in the blood group carbohydrate antigens are readily detectable biochemical parameters of abnormal gene expression. In the present work the blood group H, A, and I(Ma) antigenic determinants have been studied by immunofluorescence in normal and pathological gastric tissues.
The monoclonal anti-I and anti-i antibodies from other patients with cold agglutinin disease (for example, patients Step and Den) have been shown to recognise antigenic determinants on oligosaccharide precursors of blood group ABH antigens which are distinct from the precursor chain recognised by anti-I(Ma).7-9 There has been no information thus far on the localisation of these antigenic determinants in the mucus-secreting cells of the stomach. The present studies were extended to include the cytochemistry of these antigenic determinants in the gastric tissues.
Material and methods

GASTRIC TISSUES
Gastric carcinoma
Tissues from 24 patients with gastric carcinoma were studied. They were obtained at gastrectomy (18 patients) or during diagnostic endoscopy (6 patients). Immunofluorescence staining was performed on fresh frozen tissues in all but one of the patients. In addition, formalin-fixed, paraffinembedded sections were studied in 12 of the patients. Samples of non-neoplastic gastric mucosa distant from the tumours were also studied in the majority of patients. These included samples of body and antrum in five patients, body only in 10 patients, and antrum only in eight patients. The source of the tissues and the mode of examination are summarised in Tables 1 to 3. Gastric ulcer Tissues were obtained from six patients undergoing surgery for intractable benign peptic ulcers. These included the ulcer site in all six patients and uninvolved mucosa from body and antrum in four of the patients. Frozen sections and formalin-fixed, paraffin-embedded sections were studied in two patients, paraffin only in two, and frozen sections only in two patients (Table 4) .
Infants with normal gastric histology
In the absence of volunteers, it is difficult to obtain normal gastric mucosae from individuals free from any gastric pathology as controls. We chose, therefore, to examine the gastric mucosae from infants and young children obtained at necropsy on the premise that chronic gastric disease was unlikely in this group. Formalin-fixed, paraffinembedded samples of normal gastric mucosa from seven infants (age range 9 days-1 year) were from either the body or antrum of the stomach and were obtained one to three days after death from infants who had died of cardiac and respiratory arrest after accidental death, pulmonary hypoplasia, or bronchopulmonary dysplasia.
IMMUNOFLUORESCENCE
Cryostat sections, 5 ,u thick, were air-dried and stored at -70°C in the presence of silica gel desiccant until required. Formalin-fixed, paraffinembedded sections were dewaxed and cleared through xylene and alcohol.
For immunofluorescence staining of the I and i antigens, two human anti-I sera from patients Ma and
Step (anti-I(Ma) and anti-I(Step)) and an anti-i serum from patient Den (anti-i(Den)) and a control serum were used followed by fluoresceinconjugated rabbit anti-human IgM 
'Secretors' with intestinal nmetaplasia (non-inetaplastic areas)
Antrum ( 
Symbols and abbreviations as in Table 1 . antigens in 'secretors The predominant staining in histologically normal appearing mucosae of 'secretors' was as previously described.12-'5 There was bright staining of the H or A antigens in persons of blood groups 0 or A, respectively ( Fig. la) . Most areas were not stained with anti-I(Ma) (Fig. lb) . However, in a high proportion of non-neoplastic mucosae at a distance from gastric carcinoma we observed divergences from these normal patterns with focal areas of unexpected antigen loss or gain (Fig. 2) .
Of the seven samples of gastric mucosa from infants, five behaved as 'secretors' and showed uniform H or A antigen staining in the mucus- Immunofluorescence staining in 'secretors' and 'non-secretors' with anti-I(Step) and anti-i (Den) Unlike the observations with anti-I(Ma) there was no clear relationship with 'secretor'/'non-secretor' status and the overall staining with anti-I(Step) and with anti-i(Den). The immunofluorescence patterns observed indicate that the antigenic determinants recognised by the latter sera are expressed independently from that recognised by anti-I(Ma).
The mucosae of all seven infants showed some staining with anti-i(Den); in the five 'secretors' the staining was predominantly in the mucus cells of the pits (Fig. 3g) while in the 'non-secretors' there was also somestaining in the surface mucus cells (Fig. 3h) . In the non-neoplastic mucosae of patients with gastric carcinoma and benign gastric ulcers, there was some immunofluorescence with the anti-i serum in more than half of the patients irrespective of 'secretor' status. The staining was usually focally distributed. In seven patients, samples of both antral and body mucosa were examined: there was staining in both samples in two patients, and there was staining in one or other sample in the remaining five. As with the infants the staining was most commonly in the mucus cells of the pits in 'secretors' (Fig 4a, b) ; staining of the surface mucus cells was more commonly observed in 'non-secretors' but occasionally it was also observed focally in secretors' (Fig. 4c) .
The distribution of staining with anti-I(Step) often resembled that with anti-i(Den), being predominantly in the gastric pits in 'secretors'. However, a higher proportion of the samples showed focal or more uniform staining at the surface. It was not uncommon to find isolated mucus cells staining strongly among cells lacking in staining with this serum (Fig. 4d-f (Tables 1  and 2 ).
Loss of antigen was most pronounced in the mucosae of patients with intestinal metaplasia. Staining of the expected antigens was totally lacking or markedly diminished in the overtly metaplastic sites in 10 out of 11 patients (Tables 1 and 2 ; Fig. 2a,  c) . Moreover, focal antigen loss was frequently observed even in adjacent areas of their mucosa which were not overtly metaplastic (Tables 1 and 2 ; Fig. 2b, d ). Sometimes residual staining of the mucosa was linear and confined to apical brush border-like areas of the mucosal cells (Fig. 2c-e) . In 'secretors' of blood group A, the loss of A antigen staining was accompanied by a loss of H staining in two cases; in a third patient substantial staining of H remained (Fig. 2e, f) . In areas with overt intestinal metaplasia, loss of A or H antigen in 'secretors' was not necessarily associated with the appearance of I(Ma). In their lack of A, H14 15 (Fig. 2g) ; and in two out of three 'nonsecretors' there were focal areas of strong immunofluorescence of A or H antigens in the mucussecreting cells of the surface and pits, with an appearance indistinguishable from that of the mucosae of 'secretors' (Fig. 2h) . Aberrant A-like antigen staining was observed in five out of 13 patients of blood groups 0 and B (Fig. 2j ). These samples with aberrant A-like antigen were not stained when tested with the anti-Forssman serum.
ANTIGENIC CHANGES IN GASTRIC CARCINOMA
Variable antigen loss The most common finding (in 16 out of 22 cases) was focal antigen loss with much variation of staining from area to area (Table 3 ; Fig. 5a-f) . Total or almost total lack of the expected antigen staining *The term antigen gain is used here to denote antigens normally not detectable, irrespective of whether these antigens appear as a result of de-novo synthesis or whether they become revealed from a cryptic state as a result of incomplete biosynthesis of oligosaccharide chains. . 4 . ' d~~~~~~~~s~~~~g 1 Fig. 3 Immunofluorescence staining of surface and pits of gastric mucosa (a-h) and corresponding phase contrast microscopy (a'-h') ofsections from infants with normal gastric histology. Strong staining with anti-H serum in a 6secretor' (a) contrasts with very weak staining in a 'non-secretor' (c). Staining with anti-I(Ma) serum in a 'nonsecretor' (d) contrasts with lack ofstaining in a 'secretor' (b). Staining with anti-I(Step) confined to certain cells in the surface and pits in a 'secretor' (e) and a 'non-secretor' (f). Staining with anti-i(Den) serum in certain cells in pits in a 'secretor' (g) and in both the surface and pits in a 'non-secretor' (h). There is some immunofluorescence of erythrocytes in the lamina propria in (e) and (g). x 180. 'secretors' showed substantial I(Ma) staining (Table  3) . This was seldom uniform but varied in intensity from area to area and from cell to cell within a given tumour. The staining was predominantly cytoplasmic in some tumours (Fig. 6a-d) , extracellular in others (Fig. 6e, g ), or sometimes accentuated at the luminal aspects of gland-like structures (Fig. 6f) .
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The tumour tissues of three 'non-secretors' of blood group A showed focal areas of A and H type staining (2 cases) and of H staining only (1 case) (Fig. 5g, h ). Aberrant A-like antigen staining was observed in one out of nine adenocarcinomas from persons of blood groups 0 or B (Table 3) .
Eight of the 19 gastric carcinomas from 'secretors' and two out of three from 'non-secretors' showed focal areas of staining with anti-i(Den) and anti-I (Step) in addition to staining with anti-I(Ma) (Fig. 4g-j) . Often the areas staining with the three antisera were not the same in a given tumour. In the remaining tumours there was I(Ma) staining only (2 tumours); I(Ma) and I(Step) staining (4 tumours); and I(Ma) and i(Den) staining (1 tumour).
FOCAL ANTIGENIC CHANGES IN PATIENTS WITH CHRONIC BENIGN GASTRIC ULCERATION
Focal loss or gain of blood group antigens was not confined to patients with gastric carcinoma but was observed in five out of six patients with chronic benign gastric ulceration. All but one of these patients had intestinal metaplasia ( Table 4) . The most striking changes were areas of strong H staining in the uninvolved mucosa and ulcer site in 'non-secretors' (Fig. 7a, b) . Unexpected blood group A staining was observed in two patients of blood groups 0 and B (Fig. 7d) . Focal areas of I(Ma) staining were observed in three of the 'secretors'.
Discussion
The gastric mucosa is an ideal tissue for the study of Types I and 2 precursor chains themselves occur as the end structures of oligosaccharides which vary in size and branching and are attached to the peptide moiety of the gastric glycoproteins.'7 18 In human gastric mucins there is little information on the precise sequences of the precursor chains beyond the terminal disaccharides. However, the sequence Galfl1,-4GlcNAc/1 -6 is known to occur.i This oligosaccharide sequence is the antigenic determinant recognised by the monoclonal anti-I antibody of patient Ma,6 and it has so far been detected only in branched oligosaccharide chains.8 1I In 'secretors', the H, A, or B monosaccharides mask the antigenicity of the I(Ma) determinant,6 but in 'non-secretors' it is available for reaction with anti-I(Ma). The type 1 precursor sequence Gal,/1-÷ 3GlcNAcf13, which has also been detected in human gastric mucins,19 is apparently not involved in I and i antigen specificities.20
The precursor chains recognised by anti-i(Den) and anti-I(Step) are distinct from those recognised by anti-I(Ma). Anti-i(Den) recognises a linear sequence made up of two type 2 chains as follows:
Anti-I(Step) can cross-react with this linear sequence although it reacts best with the branched sequence GlcNAc/31
Gal31--4GlcNAc/1 3/Galfl1-*4GlcNAc ... The immunofluorescence data provide evidence for the presence ot these 1-+4, 1-3 linked sequences in the gastric pits where rapidly proliferating cells are known to occur.2' It is possible that the linear oligosaccharide sequence in these cells is a transiently occurring structure which becomes branched or further glycosylated in more mature cells.
CHANGES IN NON-NEOPLASTIC MUCOSAE OF PATIENTS WITH GASTRIC CARCINOMA AND CHRONIC BENIGN PEPTIC ULCERATION
The present studies have shown that gastric mucosae at a distance from malignant and chronic benign gastric ulcers often show focal areas of loss or gain of blood group antigens. The most marked example of antigen gain was the occurrence of 'secretor-like' areas with strong H antigen staining in 'nonsecretors'. The focal changes revealed by immunofluorescence are not necessarily detected by antigenic analysis of glycoprotein-rich extracts of these tissues (Picard J, Feizi 
T, unpublished observations).
It is possible that the blood group antigens on glycosphingolipids2 22 contribute to some of the immunofluorescence staining in the mucus cells; these would be excluded in the glycoprotein-rich extracts. The early studies of Hartmann23 showed that low-grade blood group H activity occurs in a proportion of gastric mucosal extracts such that it is not clearly possible to describe them as being 'secretor' or 'non-secretor' type. These were saline extracts of postmortem tissues, and the salivary 'secretor status' of these subjects and information on gastric disease were not available.
The present studies have also shown striking examples of A-like antigen activity in non-neoplastic mucosae of persons of blood groups 0 or B. Previous studies have stressed the association of A-like antigen with neoplasia,3 but one patient was described who showed this change in association with benign peptic ulcer. 
